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(54) Article with photocata lytic film 

(57) The invention relates to an article having a sub- 
strate and photocataJytic film covering the substrate. 
This film contains (1) a film-forming component includ- 
ing Zr02 and Si0 2 and (2) T1O2 crystals dispersed in the 
film -forming component. These ZrQ 2 , Si0 2 and Ti0 2 
crystals respectively are in amounts of 25-60 wt%, 15- 
50 wt% and 25-45 wt%, based on the weight of the film. 
The article Is improved In photocatalytic activity, abra- 
sion resistance and chemical resistance by the provi- 
sion of the film. 
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BP 1 081 108 A1 

Description 

BACKGROUND OF THE INVENTION 

5 [0001] The present invention relates to an article with a photocataiytic film, such as an automotive or architectural 
window pane. The article is provided with anti-fogging function, stain resistance, hydrophiltcity and good visibility in 
rainy weather. 

[0002] Japanese Patent Laid-open Publication JP-A-9-328336 discloses a composition for forming a photocataiytic 
film. This composition comprises (1) Ti0 2 grains having an average grain diameter of less than 1 00 nm, (2) Zr-contain- 
to Ing compound, and (3) Si-containing compound. The composition is such that the weight ratio of the Zr-containlng com- 
pound to the Ti0 2 grains is from 0.02 to 0.5 in terms of oxide and that the weight ratio of the Si-containing compound 
to the T102 grains is from 0.2 to 2.5 In terms of oxide. 

[0003] JP-A-1 0-21 6528 discloses a photocataiytic article comprising a substrate and a catalytic film formed ther- 
eon. This catalytic film is a combination of photocataiytic grains and a binder containing 60-90 wt% of silica and 1 0-40 
ts wt% of zirconla. 

[0004] JP-A-9-227159 discloses a vehicular front or rear window glass having a substantially transparent layer 
bonded to a substrate. This layer contains a photocataiytic semiconductor material. 

[0005] JP-A-1 0-156999 discloses a photocataiytic layer made of a mixture of silica and titania. JP-A-9-271 731 dis- 
closes a photocataiytic member having a top surface comprising titanium oxide and silicon oxide as major components. 
20 JP-A-9-567B8 discloses an article for bathroom, having a photocataiytic layer made of a mixture of silica and titania. 
[0006] JP-A-1 1 -35342 discloses a multi-functional glass having a soda-lime glass substrate, a first layer formed on 
the substrate, and a second layer formed on the first layer. The first layer is a Si0 2 film containing at least one member 
selected from Ti and metal elements having electronegativities close to that of Ti. The second layer is aTi0 2 film or a 
S1O2 film in which T1O2 fine particles are dispersed. 

25 

SUMMARY OF THE INVENTION 

[0007] ft is an object of the present invention to provide an article with a photocataiytic film, which is improved in 
photocataiytic activity, abrasion resistance and chemical resistance. 

30 [0008] It is another object of the present invention to provide a process for producing such article. 

[0009] According to the present invention, there is provided an article comprising a substrate; and a photocataiytic 
film covering said substrate. This film comprises (1) a film-forming component comprising 2r0 2 and Si0 2 and (2) Ti0 2 
crystals dispersed In said film-forming component, said Zr0 2 , said S10 2 and said 71 0 2 crystals respectively being in 
amounts of 25 -€0 wt%, 1 5-50 wt% and 25-45 wt%, based on a weight of said film. 

35 [0010] According to the present invention, there is provided a first process for producing the article. The first proc- 
ess comprises (a) providing a coating liquid comprising a first raw material of said ZrO?, a second raw material of said 
S102, and a third raw material of said TI0 2 crystals; (b) applying said coating liquid to a surface of said substrate, 
thereby forming thereon a precursory film ; and (c) subjecting said precursory film to a heat treatment at a temperature 
of 30r>700°C, thereby turning said precursory film Into said photocataiytic film. 

40 [001 1] According to the present Invention, there Is provided a second process for producing the article. The second 
process comprises (a) providing a coating liquid comprising a first raw material of said Zr0 2 , a second raw material of 
said Sl0 2 , and, a third raw material of said Ti0 2 crystals; (b) applying said coating liquid to a surface of said substrate, 
thereby forming thereon a precursory film ; and <c) subjecting said precursory film to a first baking at a temperature of 
560-700°C, thereby turning said precursory film into said photocataiytic film. 

45 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0012] We unexpectedly found that an article according to the invention is improved in photocataiytic activity (e.g., 
stain resistance and hydrophilicity), abrasion resistance and chemical resistance (e.g., acid resistance and alkali resist- 
so ance) by specifying respective amounts of Zr0 2 . Si0 2 and Ti0 2 crystals as above, particularly by increasing the amount 
of Zr0 2 relative to that of T10 2 crystals as above. For example, the obtained article becomes satisfactory In an alkali 
resistance test for Category A of Japanese Industrial Standard (JIS) R 3221 and thus can practically be used as an 
exterior window pane such as automotive or architectural window pane. 

[0013] As stated above, the respective amounts of Zr0 2 , Si0 2 and T\D^ crystals are specified. Particularly, Ti0 2 
5$ crystal fine grains, for example, having an average grain size of not greater than 30 nm, are preferably used as at least 
part of a raw materia] of Ti0 2 crystals of the photocataiytic film. Due to these features, the photocataiytic fifen does not 
have cracks even If the baking of the precursory film Is conducted at a high temperature at which a glass plate (sub- 
strate) can be bent into a curved glass plate. Generally speaking, such high temperature tends to make a photocataiytic 
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film Inferior In photocatalytic acth/lty. According to the Invention, however, the photocatalytic film does not become Infe- 
rior in photocata lytic activity by such high temperature, due to the above features. Therefore, It Is not necessary to pro- 
vide an alkali barrier layer between the glass plate and the photocatalytic film for preventing the movement of alkali 
components of the glass plate Into the photocatalytic film. 

5 [0014] The total amount of Zr0 2 , SiQ 2 and the TT0 2 crystals of the photocatalytic film is preferably at least 90 wt%, 
based on the weight of the film, in order to have photocatalytic activity and durability such as abrasion resistance, acid 
resistance and alkali resistance. Besides these essential components, the film may optionally comprise not greater than 
10 wt% of at least one component such as amorphous no 2 , colloidal silica, other oxides (e.g., Al 2 0 3 , B2O3 and Sn0 2 ), 
ions (Cr ion and V ion) and carbon. The Ti0 2 crystals of the film may have an average grain size of not greater than 30 

to nm or not greater than 20 nm. 

[0015] In case that the article is used as an automotive window pane, it is preferable to dispose the photocatalytic 
or hydrophilte film on an outer side of automobile. 

[0016] In case that a glass plate is used as the substrate in the second process, the glass plate may be bent into a 
curved glass plate after the first baking or when the precursory film and the glass substrate are subjected to the first 
15 baking. 

[0017] In order to improve the film in transparency and durability, the third raw material of the first process is pref- 
erably Ti0 2 grains having an average grain size of not greater than 20 nm, and that of the second process is preferably 
those grains having an average grain size of not greater than 30 nm. 

[0018] The first raw material of the first and second processes Is preferably zirconium chloride or zirconium nitrate 

20 in order to improve the photocatalytic film in durability, particularly abrasion resistance, acid resistance and alkali resist- 
ance. Examples of the zirconium chloride include zirconium chloride, zirconium oxychloride octahydrate, and a chlo- 
rine-containing zirconium alkoxide represented by the general formula Z^OCjH^^kCly where m, x and y are 
integers and x+y = 4 . Examples of the zirconium nitrate include zirconium oxynitrate di hydrate. The Zr0 2 content of the 
film is not lower than 25 wt% in order to have the film provided with alkali resistance and photocatalytic activity. If it is 

25 higher than 60 wt%, the film becomes inferior In abrasion resistance and/or photocatalytic activity. The Zr0 2 content of 
the film is preferably from 25 to 45 wt%. As Zr0 2 is added to the film, the film is improved in alkali resistance. Further- 
more, the film is remarkably improved in photocatalytic activity if the Zn0 2 content of the film is not lower than 25 wt%. 
[0019] The second raw material of the first and second processes is not particularly limited, so long as it can pro- 
duce S1O2 after the heat treatment or the first baking. Examples of the second raw material include alkoxysilanes such 

30 as tetramethoxysilane, tetraethoxysilane, methyltrimethoxysilane and methyltriethoxysilane, hydrolysates of these, 
polycondensates of these, those stabilized with stabilizers such as acetyl acetone, and commercial products for produc- 
ing Si0 2 such as COLCOAT P of COLCOAT Co., MSH2 of Mitsubishi Chemical Corp. and CSG-DI-0600 of Chisso Co. 
The SI0 2 content of the film is not lower than 15 wt% in order to have the film provided with abrasion resistance, if it Is 
higher than 50 wt%, the film becomes inferior in photocatalytic activity anoYor alkali resistance. The Si0 2 content of the 

35 film is preferably from 25 to 45 wt%. 

[0020] The third raw material of the first and second processes is not particularly limited, so long as it can produce 
TI0 2 crystals after the heat treatment or the first baking, ft is possible to use commercial powdery TiQ 2 fine grains for 
photocatalyst, such as ST-01 and ST-21 of Ishihara Techno Co.. SSP-25 and SSP-20 of SAKAI CHEMICAL INDUSTRY 
CO., LTD., PC-101 of Titan Kogyo K.K., SUPERTITANIA F-6 andSUPERTITANIA F-5 of Showa Titanium Co.,andDN- 

40 22A of FURUKAWA CO., LTD. ft is further possible to use liquid-type commercial products of the third raw material, such 
as STS-01 and STS-02 of Ishihara Techno Co. and A-6 and M-6 of TAKI CHEMICAL CO., LTD. It is still further possible 
to use a mixture of T10 2 fine grains for photocatalyst and a raw material of silica, such as ST-K01 and ST-K03 (trade 
names) of Ishihara Techno Co. The Ti0 2 crystal content of the film is not lower than 25 wt% in order to have a photo- 
catalytic capability to achieve hydrophillcity and stain resistance. It is not greater than 45 wt% from the viewpoint of 

4s alkali resistance and abrasion resistance. Powdery Ti0 2 fine grains can easily be dispersed in acoatlng liquid by a com- 
mon mixing operation for dispersing a powder in a liquid, for example, using a ball mill. Upon this, it is optional to dis- 
perse the first raw material of Zr0 2 and the second raw material of SiOg in the coating liquid. 

[0021] The manner of applying the coating liquid to the surface of a substrate is not particularly limited. It can be 
conducted by a common method such as dip coating, spin coating, roller coating, spraying, screen printing or the like. 

so [0022] In the first process, the precursory film is subjected to a heat treatment at a temperature of 3 00-700° C, 
thereby turning the precursory film Into the photocatalytic film. Prior to this heat treatment It Is optional to conduct a dry- 
ing at a temperature not higher than 200°C or a preliminary baking at a temperature lower than that of the heat treat- 
ment. It Is preferable to regulate the temperature of the heat treatment in a manner that a period of time, during which 
the heat treatment temperature lower than a maximum temperature of the heat treatment by 100°C or less, is at least 

55 1 minute, preferably at least 3 minutes. This maximum temperature can be arbitrarily set within a range of 3 00-700° C. 
The upper limit of the heat treatment time is not particularly limited. For example, a heat treatment time of 24 hr does 
not cause particular problems. The above-mentioned period of time Is preferably about 2 hr from the viewpoint of pro- 
ductivity. 
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[0023] In the second process, the precursory film Is subjected to a first baking at a temperature of 560-700°C, pref- 
erably 600-700°C, thereby turning the precursory film Into the photocatalytic film. During the first baking, the substrate 
may be bent if it is necessary to produce a curved substrate. The fibn is provided with durability by the first baking. It is 
optional to conduct a second baking (preliminary baking) at a temperature of 300-620°C, preferably 450-620*0, prior to 

5 the first baking (main baking). A film becomes more compact and improved particularly in abrasion resistance by con- 
ducting these two bakings. In case that an automotive curved window pane is produced as the article of the invention, 
it is preferable to regulate the temperature of the first baking in a manner that a period of time, during which the first 
baking temperature lower than a maximum temperature of the first baking by 1 00°C or less, is at least 1 minute, prefer- 
ably at least 2 minutes. This maximum temperature can be arbitrarily set within a range of 560-700°C. The upper limit 

jo of the first baking time is not particularly limited. For example, the above-mentioned period of time is preferably about 3 
minutes in case that a glass substrate is tempered by the first baking and preferably about 10 minutes in case that a 
glass substrate is bent during the first baking for producing a laminated glass. The TrC^ crystals in the form of fine 
grains are dispersed in the film-forming component of the film, and the Ti02 crystal content of the film is limited to a 
range of 25-45 wt%. With this, the film does not have cracks even if a glass substrate is bent during the first baking. 

is [0024] The film thickness is preferably from 30 to 500 nm in order to have photocatalytic activity and a high durabil- 
ity. It is more preferably from 50 to 300 nm in order to have a good transparency and a still high durability by the forma- 
tion of a photocatalytic film one time. The material of the substrate is not particularly limited, as long as It does not 
deteriorate by heating. It may be selected from glass, ceramics and metals (e.g., aluminum and stainless steel). In par- 
ticular, glass Is preferable because of Its transparency and heat resistance. 

20 [0025] The article according to the invention is improved in durability, hydrophilicity, anti-fogging and stain resist- 
ance by the provision of the photocatalytic film. Thus, it can be used in various severe environments for building, vehic- 
ular, aircraft and industrial window panes, exterior tiles, exterior panels, showcases, and various mirrors such as 
vehicular door mirror and bathroom mirror. In particular, the article is preferably used for vehicular front, rear and side 
window panes. The article Is improved in visibility under a rainy weather by the provision of hydrophilicity. 

25 [0026] As mentioned above, the substrate can be a glass plate, for example, of a soda-lime-silicate glass. The glass 
plate is not limited to particular types. For examples, it may be a clear or colored glass plate having a color of blue, gray, 
bronze, green or the like, a glass reinforced with net or the like, a curved, semi-tempered or tempered glass, a double 
layer glass (sealed double-glazed unit) optionally having a metal film such as Low-E film, a double layer glass having a 
gel between two glass plates, a laminated glass, a glass plate pierced or formed on its uncoated side with a metal, oxide 

ao or resin film by deposition, sputtering, printing or the like, or a glass plate having an uncoated side subjected to etching, 
sand blasting or the like. 

[0027] When the TiQ 2 crystals of the photocatalytic film are irradiated with ultraviolet rays contained in the sunlight 
or a fluorescent fight, organic contaminants on the film are oxl datively decomposed by the photocatalytic activity of the 
Ti0 2 crystals. With this, the surface of the film becomes clean, and the surface of the Ti0 2 crystals becomes 

35 hydrophllic. A film not according to the invention made of only T10 2 crystals also becomes hydrophlllc by its irradiation 
with ultraviolet rays. This film, however, becomes hydrophobic in a relatively short time due to the original hydrophobic- 
tty of Ti0 2> if the irradiation is not repeated. In contrast, according to the Invention, SiO z Is added to the film. With this, 
the film is improved in hydrophilicity. Furthermore, a larger amount of water is adsorbed to the film, thereby improving 
the photocatalytic capability of the film. Still furthermore, the film is Improved In durability such as abrasion resistance. 

40 According to the invention, Zr0 2 is added to the film. With this, the film Is further Improved in durability, particularly abra- 
sion resistance and alkali resistance, and in photocatalytic capability. Thus, according to the invention, the photocata- 
lytic film Is very much improved in photocatalytic capability and durability, particularly abrasion resistance and alkali 
resistance. The surface of the photocatalytic film is kept hydrophilic. The film is capable of decomposing organic con- 
taminants (e.g. organic components of exhaust gas and dust) by the photocatalytic activity. Furthermore, stain on the 

45 film runs down easily by rain water, since the film surface Is kept hydrophllic. Furthermore, even If a glass plate used as 
the substrate is bent during the baking, the film does not have cracks and have a high quality and a high durability. 
[0028] The following nonfimitative examples are illustrative of the present invention. 

EXAMPLE 1-1 

so 

[0029] A coating liquid was prepared by dispersing, In a solvent that Is a mixture of ethanol and 1 -methoxy-2-pro- 
panol each being made of Kishida Chemical Co., (1) ZrOCIg of Kishida Chemical Co. as the raw material of ZrOg, (2) 
CSG-DI-0600 (trade name) of Chisso Co., containing 6% of a slloxane oligomer in a mixture of ethanol and Isopropanol, 
as the raw material of Si0 2 , and (3) ST-K01 (trade name) of Ishlhara Techno Co., in which the weight ratio of Ti0 2 to 
55 SiOa is 8:2, in amounts such that the film contained 30 wt% of ZrOg, 30 wt% of S10 2 and 40 wt% of TIO^ Separately, 
a float glass plate of soda-time-silicate glass having widths of 100 mm and a thickness of 3mm was washed sufficiently 
with water, detergent and cerla. This glass plate was used as the substrate. The coating liquid was applied to the sur- 
face of the glass plate by spin coating. The coated glass plate was dried for 20 minutes in a DK43-type air-circulating 
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constant-temperature thermostat (made by Yamato Kagaku Co.) of 1 50°C, followed by a heat treatment for 1 0 minutes 
In a FP41 -type muffle furnace (made by Yamato Kagaku Co.) of 650°C. thereby obtaining an article with a photocatarytic 
film having a thickness of 120 nm and containing 30 wt% of ZrOg, 30 wt% of Si0 2 and 40 wt% of Ti0 2 , based on the 
weight of the film. 

5 [0030] The obtained article (test sample) was subjected to the following abrasion resistance test, acid resistance 
test, alkali resistance test, photocataJytic activity test, and hy drop nil icity test. The results of these tests are shown in 
Table 1 . Of these, the evaluations of the abrasion resistance test, the acid resistance test and the alkali resistance test 
were conducted based on Category A of JIS R 3221 . 

[0031] The abrasion resistance test was conducted in accordance with JIS R 3221 . The haze value was measured 
w before and after an abrasion test. In this test, the test sample was rotated certain cycles relative to the Taber abraser 
having an abrasive wheel CS-1 OF, while the abrasive wheel is In abutment with the test sample under a load of 500 gf. 
In Table 1 , "good" means that the haze value before the test H 0 , the haze value after the 1 00 cycles H 100 , and the haze 
value afterthe200 cycles H200 are in a re,ation of H o- H ioo :sH 20o and that A H is 4% or less where A H = — H 0 . 
In Table 1 , 'not good* means that H 100 te greater than H200 or A H Is greater than 4%. 
15 [0032] The acid resistance test was conducted In accordance with JIS R 3221. In this test, the test sample was 
immersed for 24 hr in 1 N hydrochloric acid maintained at 23°C ± 2°C. After that, the coated side of the test sample was 
wiped with a flannel cloth while a flowing water was applied to the test sample, followed by drying. Then, the external 
appearance of the test sample was observed with the naked eyes. In Table 1 , "good" means that the film did not change 
substantially in Its external appearance, and "not good" means that the film had a substantial coloration or scratches or 
20 that the film exfoliated. 

[0033] The alkali resistance test was conducted in the same manner as that of the acid resistance test, except that 
1 n hydrochloric acid was replaced with 1 N sodium hydroxide aqueous solution. 

[0034] In the photocatalytic activity test, the photocataJytic activity of the test sample was evaluated by the degree 
of decomposition of stearic acid on the film due to the ultraviolet irradiation, in this test, the test sample was immersed 

25 in a solution containing 3wt% of stearic acid dissolved in ethanol, and then withdrawn from the solution at a rate of 8 
mm/sec. After that, the test sample was irradiated for 1 hr with ultraviolet rays from a black light, FL15BLB (trade name) 
of Toshiba Denki Co. in a manner to have a ultraviolet strength of 4 mW/cm 2 (365 nm) at the coated surface of the test 
sample. The amount of stearic acid on the film was determined by measuring a peak strength (absorbance A) appear- 
ing within a range of 291 0-2920 cm* 1 and derived from the C-H stretching vibration of stearic acid using a FT-IR spec- 

30 trophotometer of Parkin-Elmer Co., Ltd., before and after the application of stearic acid and after the ultraviolet 
irradiation for 1 hr. Then, a peak strength change as the degree of stearic acid decomposition was determined by the 
expression {(A 0 -A b ) — (A t -A b )} x 1 000 where A^ is the peak strength before the application of stearic acid, A© is the 
peak strength after the application of stearic acid but before the ultraviolet Irradiation, and A 1 is the peak strength after 
the ultraviolet irradiation for 1 hr. The results of the peak strength change are shown in Table 1 . A peak strength change 

35 of 5 or greater was judged to be satisfactory, and that of less than 5 unsatisfactory. 

[0035] The hydro phil icity test was conducted by allowing the test sample to stand still for 7 days in a laboratory ol 
an environment having an ultraviolet strength not greater than 1 ji W/cm 2 (365 nm). Then, a water drop was placed on 
the coated side of the test sample, and its contact angle was measured. In Table 1 , "good" means that the contact angle 
was not greater than 20 degrees, and "not good" means that It was greater than 20 degrees. 

40 [0036] A stain resistance test was conducted by allowing each test sample of Examples 1-1, 1-6 and 1-7 and a 
glass substrate itself to stand still in the outdoors. After that, the degree of stains on the coated side of the test sample 
and that on the glass substrate were checked with the naked eyes. With this, the former was found to be considerably 
less than the latter. 

45 

Table 1 





Abrasion 
Resistance 


Acid Resist- 
ance 


Alkali Resist- 
ance 


Photo-catalytic 
Activity 


Hydrophilic'rty 


Overall Evalu- 
ation 


Example 1-1 


Good 


Good 


Good 


10 


Good 


Good 


Example 1-2 


Good 


Good 


Good 


19 


Good 


Good 


Example 1-3 


Good 


Good 


Good 


6 


Good 


Good 


Example 1-4 


Good 


Good 


Good 


8 


Good 


Good 


Example 1-5 


Good 


Good 


Good 


9 


Good 


Good 


Example 1-6 


Good 


Good 


Good 


32 


Good 


Good 
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Table 1 (continued) 





Abrasion 
Resistance 


Acid Resist- 
ance 


Alkali Resist- 
ance 


Photo-catalytic 
Activity 


Hydrophllfcity 


Overall Evalu- 
ation 


Example 1-7 


Good 


Good 


Good 


lfi 


Good 


Good 


Example 1-8 


Good 


Good 


Good 


6 


Good 


Good 


Com. Ex. 1-1 


Not good 


Good 


Not good 




Good 


Not good 


com. EX. 1-2 


Good 


Good 


Not good 


3 


Good 


Not good 


warn. ex. i o 


Good 


Good 


fNOi goou 


A 
** 


Good 


rMOi goou 


Com. Ex. 1-4 


Not good 


Good 


Good 


20 


Good 


Not good 


Com. Ex. 1-5 


Good 


Good 


Good 


2 


Good 


Not good 


Com. Ex. 1-6 


Good 


Good 


Good 


3 


Good 


Not good 


Com. Ex. 1-7 


Not good 


Good 


Good 


21 


Good 


Not good 


Com. Ex. 1-8 


Good 


Good 


Good 


0 


Not good 


Not good 


Com. Ex. 1-9 


Good 


Good 


Good 


0 


Not good 


Not good 


Com. Ex. 1-10 


Good 


Good 


Not good 


20 


Good 


Not good 



EXAMPLE 1-2 



25 [0037] Example 1 -1 was repeated except in that a coating liquid was prepared such that the film contained 40 wt% 
of ZrOg. 20 wt% of Si0 2 and 40 wt% of TiC 2 . 

EXAMPLE 1-3 

so [0038] Example 1 -1 was repeated except in that a coating liquid was prepared such that the film contained 30 wt% 
of ZrOg, 40 wt% of Si0 2 and 30 wt% of Ti0 2 and that the film had a thickness of 1 50 nm. 

EXAMPLE 1-4 

35 [0039] Example 1 -1 was repeated except in that a coating liquid was prepared such that the film contained 50 wt% 
of ZrO^, 20 wt% of Si0 2 and 30 wt% of Ti0 2 and that the film had a thickness of 1 50 nm. 

EXAMPLE 1-5 

40 [0040] Example 1-1 was repeated except in that a mixture was prepared by dispersing In ethanol MSH2 (trade 
name) of Mitsubishi Chemical Corp. containing a polymethoxysiloxane as the raw material of Si0 2 and PC-101 (trade 
name) of Titan Kogyo K.K. as the raw material of the T10 2 crystals, using a ball mill, and then ZrtOCjH^CI as the raw 
material of ZrO? was added to the mixture, thereby preparing a coating liquid. 

45 EXAMPLE 1-6 

[0041] Example 1-1 was repeated except in that the coating liquid was applied by dip coating to the surface ol a 
glass plate that is the same as that of Example 1 -1 , and then the coated glass plate was subjected to a heat treatment 
by putting it for 40 minutes in a FP41 -type muffle furnace of Yamato Kagaku Co. of 450°C, thereby forming a film having 
50 a thickness of 80 nm. 

EXAMPLE 1-7 

[0O42] Example 1-3 was repeated except in that the coating liquid was applied by dip coating to the surface of a 
55 glass plate that is the same as that of Example 1-1, and then the coated glass plate was subjected to a heat treatment 
by putting it for 40 minutes in a FP41-type muffle furnace of Yamato Kagaku Co. of 450°C. 
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EXAMPLE 1-8 

[0043] Example 1-1 was repeated except in that a coating liquid was prepared by adding aluminum nitrate of Kish- 
ida Chemical Co. as the raw material of AI2O3 to the coating liquid of Example 1-1 such that the film contained 30 wt% 
5 of Zr0 2 , 5 wt% of Al20 3> 25 wt% of Si0 2 and 40 wt% of T10 2 . 

COMPARATIVE EXAMPLE 1-1 

[0044] Example 1 -1 was repeated except in that a coating liquid was prepared by dispersing only ST-K01 (trade 
10 name) of Ishlhara Techno Co. In a mixture of ethanol and 1 -methoxy-2-propanol each being made of Kishlda Chemical 
Co. such that the film contained 20 wt% of Si0 2 and 80 wt% of 710 2 . 

COMPARATIVE EXAMPLE 1-2 

15 [0045] Example 1-1 was repeated except in that a coating liquid was prepared by dispersing only ST-K03 (trade 
name) of Ishihara Techno Co., in which the weight ratio of Ti0 2 to Si0 2 is 5:5, in a mixture of ethanol and 1-methoxy-2- 
propanol each being made of Kishlda Chemical Co. such that the film contained 50 wt% of SK^ and 50 wt% of TIO^ 

COMPARATIVE EXAMPLE 1-3 

20 

[0046] Example 1 -1 was repeated except in that a coating liquid was prepared such that the film contained 1 0 wt% 
of Zr0 2 , 40 wt% of SiOg and 50 wt% of Ti0 2 . 

COMPARATIVE EXAMPLE 1-4 

25 

[0047] Example 1 -1 was repeated except in that a coating liquid was prepared such that the film contained 30 wt% 
of Zr0 2 , 20 wt% of SiC 2 and 50 wt% of TiO g . 

COMPARATIVE EXAMPLE 1-5 

30 

[0048] Example 1-1 was repeated except in that a coating liquid was prepared such thatthe film contained 10 wt% 
of Zr0 2 . 50 wt% of SiOg and 40 wt% of Ti0 2 . 

COMPARATIVE EXAMPLE 1-6 

[0049] Example 1 -1 was repeated except in that a coating liquid was prepared such that the film contained 20 wt% 
of ZrQ 2 , 40 wt% of SiOg and 40 wt% of TIQ 2 . 

COMPARATIVE EXAMPLE 1-7 

40 

[0050] Example 1 -1 was repeated except in that a coating liquid was prepared such thatthe film contained 50 wt% 
of Zr0 2 , 1 0 wt% of SiOg and 40 wt% of Ti0 2 . 

COMPARATIVE EXAMPLE 1-8 

45 

[0051] Example 1 -1 was repeated except in that a coating liquid was prepared such that the film contained 10 wt% 
of Zr0 2 , 70 wt% of Sl0 2 and 20 wt% of Ti0 2 . 

COMPARATIVE EXAMPLE 1-9 

so 

[0052] Example 1 -1 was repeated except In that a coating liquid was prepared such that the film contained 30 wt% 
of Zr0 2 , 50 wt% of Si0 2 and 20 wt% of TiO s . 

COMPARATIVE EXAMPLE 1-10 

55 

[0053] Example 1-1 was repeated except that a coating liquid was prepared by mixing (1) CSG-DI-0600 (trade 
name) of Chlsso Co. as the raw material of St0 2 , (2) ST-K01 (trade name) of Ishlhara Techno Co., In which the weight 
ratio of TI0 2 to SI0 2 is 8:2, as the raw material of Ti0 2 crystals and Si0 2 , and (3) a liquid containing Ti(OC 3 H 7 )4 which 
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has been dissolved in ethanoi and stabilized with an equlmolar amount of acetylacetone, with a mixture of ethanol and 
1 -methoxy-2-propanol each being made by Klshida Chemical Co. such that the film contained 30 wt% of TiQg derived 
from Ti(OC3H 7 ) 4 , 30 wt% of SiQ 2 and 40 wt% of T1O2 derived from ST-K01 . 

5 EXAMPLE 2-1 

[0054] A coating liquid was prepared in the same manner as that of Example 1 -1 . Separately, a float glass plate of 
soda-llme-sillcate glass having dimensions of 1 ,000mm, 1 ,800mm and 3.5 mm (thickness) was sufficiently washed with 
water, detergent and ceria. Then, the coating liquid was applied to the glass plate by dip coating, followed by a prelim- 

10 l nary baking at 600°C for 5 minutes. Then, the coated glass plate was cut into a predetermined shape, then subjected 
to several preliminary treatments, such as seaming (chamfering), the application of a black paint to the periphery, a 
heating wire printing and the like, and then subjected to a main baking at 650°C, thereby obtaining an article of the 
invention, that is, an automotive rear window glass pane with a photocatalytic film having a thickness of 120 nm and a 
composition of 30 wt% of Zr0 2 . 30 wt% of Sl0 2 and 40 wt% of Ti0 2 , based on the weight of this film. During the main 

is baking, the glass plate was bent into a curved shape. 

[0055] The obtained article (test sample) was subjected to the following evaluation tests. The results of the tests are 
shown In Table 2. 

[0056] An abrasion resistance test was conducted in the same manner as that of Example 1 -1 . In Table 2, "good" 
means that the haze value before the test Hq is 1% or less, and A H Is 2% or less where A H = H max — H 0 in which 
20 Hmax is^ 6 maximum haze value during 1,000 cycles. In Table 2, "not good" means that H 0 is greater than 1% or A H 
is greater than 2%. 

[0057] An acid resistance test was conducted in the same manner as that of Example 1 -1 , except in that 1 N hydro- 
chloric acid was replaced with 1 wt% sulfuric acid. The evaluation was conducted in the same manner as that of Exam- 
ple 1-1. 

25 [0O58] An alkali resistance test was conducted in the same manner as that of Example 1-1, except in that 1N 
sodium hydroxide aqueous solution was replaced with 1 wl% sodium hydroxide aqueous solution. The evaluation was 
conducted in the same manner as that of Example 1 -1 . 

[0059] A photocatalytic activity test and its evaluation were conducted in the same manners as those of Example 
1-1. 

30 [0060] A hydro p hi Itdty test and its evaluation were conducted in the same manners as those of Example 1 -1 . 

[0061] A stain resistance test was conducted by allowing the test sample of Example 2-1 and an automotive rear 
window glass having no photocatalytic film thereon to stand still in the outdoors. After that, the degree of stains on the 
coated side of the test sample and that on the automotive rear window glass were checked with the naked eyes. With 
this, the former was found to be considerably less than the latter. 

35 



Table 2 





Abrasion 
Resistance 


Acid Resist- 
ance 


Alkali Resist- 
ance 


Photocatalytic 
Activity 


Hydrophilicity 


Overall Evalu- 
ation 


Example 2-1 


Good 


Good 


Good 


14 


Good 


Good 


Example 2-2 


Good 


Good 


Good 


19 


Good 


Good 


Example 2-3 


Good 


Good 


Good 


6 


Good 


Good 


Example 2-4 


Good 


Good 


Good 


8 


Good 


Good 


Example 2-5 


Good 


Good 


Good 


9 


Good 


Good 


Example 2-6 


Good 


Good 


Good 


8 


Good 


Good 


Com. Ex. 2-1 


Not good 


Good 


Not good 


48 


Good 


Not good 


Com. Ex. 2-2 


Good 


Good 


Not good 


3 


Good 


Not good 


Com. Ex. 2-3 


Good 


Good 


Not good 


4 


Good 


Not good 


Com. Ex. 2-4 


Not good 


Good 


Good 


20 


Good 


Not good 


Com. Ex. 2-5 


Good 


Good 


Good 


2 


Good 


Not good 


Com. Ex. 2-6 


Good 


Good 


Good 


3 


Good 


Not good 
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Table 2 (continued) 





Abrasion 
Resistance 


Acid Resist- 
ance 


Alkali Resist- 
ance 


Photocataiytic 
Activity 


Hydrophilicity 


Overall Evalu- 
ation 


Com. Ex. 2-7 


Not good 


Good 


Good 


21 


Good 


Not good 


Com. Ex. 2-8 


Good 


Good 


Good 


0 


Not good 


Not good 


Com. Ex. 2-9 


Good 


Good 


Good 


0 


Not good 


Not good 


Com. Ex. 2-10 


Good 


Good 


Not good 


20 


Good 


Not good 



EXAMPLE 2-2 

[0062] Example 2-1 was repeated except in that a coating liquid was prepared such that the film contained 40 wt% 
15 of Zr0 2 , 20 wt% of S10 2 and 40 wt% of TI0 2 . 

EXAMPLE 2^3 

[0063] Example 2-1 was repeated except In that a coating liquid was prepared such that the film contained 30 wt% 
20 of Zr0 2 , 40 wt% of S10 2 and 30 wt% of Ti0 2 and that the film had a thickness of 150 nm. 

EXAMPLE 2-4 

[0064] Example 2-1 was repeated except in that a coating liquid was prepared such that the film contained 50 wt% 
25 of Zr0 2 , 20 wt% of SiOg and 30 wt% of Ti0 2 and that the film had a thickness of 150 nm. 

EXAMPLE 2^5 

[0065] Example 2-1 was repeated except in that a mixture was prepared by dispersing in ethanol MSH2 (trade 
30 name) of Mitsubishi Chemical Corp. as the raw material of SiO z and PC-101 (trade name) of Titan Kogyo K.K. as the 
raw material of the Ti0 2 crystals, using a ball mill, and then Zr(OC 4 H9)3CI as the raw material of Zr0 2 was added to the 
mixture, thereby preparing a coating liquid. 

EXAMPLE 2-6 

35 

[0066] Example 2-1 was repeated except in that a coating liquid was prepared by adding aluminum nitrate of Kish- 
ida Chemical Co. as the raw material of AI 2 C>3 to the coating liquid of Example 1-1 such that the film contained 30 wt% 
of Zr0 2r 5 wt% of Al 2 0 3 , 25 wt% of Si0 2 and 40 wt% of Ti0 2 . 

40 COMPARATIVE EXAMPLE 2-1 

[0067] Example 2-1 was repeated except in that a coating liquid was prepared by dispersing only ST-K01 (trade 
name) of Ishihara Techno Co. in a mixture of ethanol and 1 -methoxy-2-propanol each being made of Kishida Chemical 
Co. such that the fiim contained 20 wt% of Sl0 2 and 80 wt% of 710 2 . 

45 

COMPARATIVE EXAMPLE 2-2 

[0068] Example 2-1 was repeated except in that a coating liquid was prepared by dispersing only ST-K03 (trade 
name) of Ishihara Techno Co., in which the weight ratio of Ti0 2 1o Si0 2 is 5:5, in a mixture of ethanol and 1-methoxy-2- 
so propanol each being made of Kishida Chemical Co. such that the film contained 50 wt% of SK> 2 and 50 wt% of TiO^ 

COMPARATIVE EXAMPLE 2-3 

[0069] Example 2-1 was repeated except in that a coating liquid was prepared such that the fiim contained 10 wt% 
55 of Zr0 2 , 40 wt% of SiQ 2 and 50 wt% of T10 2 . 
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COMPARATIVE EXAMPLE 2-4 

[0070] Example 2-1 was repeated except in that a coating liquid was prepared such that the film contained 30 wt% 
of Zr02, 20 wt% of SiQ 2 and 50 wt% of Ti0 2 . 

5 

COMPARATIVE EXAMPLE 2-5 

[0071] Example 2-1 was repeated except In that a coating liquid was prepared such that the film contained 10 wt% 
of ZrOa, 50 wt% of SiO a and 40 wt% of Ti0 2 . 

JO 

COMPARATIVE EXAMPLE 2-€ 

[0072] Example 2-1 was repeated except in that a coating liquid was prepared such that the film contained 20 wt% 
of ZrO^ 40 wt% of Si0 2 and 40 wt% of Ti0 2 . 

15 

COMPARATIVE EXAMPLE 2-7 

[0073] Example 2-1 was repeated except in that a coating liquid was prepared such that the film contained 50 wt% 
of ZrOg, 1 0 wt% of Sl0 2 and 40 wt% of Ti0 2 . 

20 

COMPARATIVE EXAMPLE 2-8 

[0074] Example 2-1 was repeated except in that a coating liquid was prepared such that the film contained 10 wt% 
of ZrOg, 70 wt% of SiQ 2 and 20 wt% of TiQ 2 . 

25 

COMPARATIVE EXAMPLE 2-9 

[0075] Example 2-1 was repeated except in that a coating liquid was prepared such that the film contained 30 wt% 
of ZrOg, 50 wt% of SiQ 2 and 20 wt% of TiQ 2 . 

30 

COMPARATIVE EXAMPLE 2-10 

[0076] Example 2-1 was repeated except that a coating liquid was prepared by mixing (1) CSG-DI-0600 (trade 
name) of Chisso Co. as the raw material of Si0 2 , (2) ST-K01 (trade name) of Ishihara Techno Co., in which the weight 
35 ratio of T10 2 to SiO z Is 8:2, as the raw material of TiO z crystals and Si0 2 , and (3) a liquid containing "n(OC 3 H 7 )4 which 
has been dissolved in ethanol and stabilized with an equimolar amount of acetylacetone, with a mixture of ethanol and 
1-methoxy-2-propanol each being made by Kishlda Chemical Co. such that the film contained 30 wt% of Ti0 2 derived 
from Ti(OC3H 7 ) 4 , 30 wt% of Si0 2 and 40 wt% of Ti0 2 derived from ST-K01 . 

[0077] The entire disclosure of each of Japanese Patent Application Nos. 1 1-248155 filed on September 2, 1999 
40 and 1 1-367121 filed on December 24, 1999, indudlng specification, claims and summary, is incorporated herein by ref- 
erence in its entirely. 

Claims 

45 l. An article comprising: 
a substrate; and 

a photocataiytic film covering said substrate, said film comprising (1) a film-forming component comprising 
Zr0 2 and Si0 2 and (2) Ti0 2 crystals dispersed in said film-forming component, said Zr0 2l said St0 2 and said 
so TiQ 2 crystals respectively being in amounts of 25-60 wt%, 15^50 wt% and 25-45 wt%. based on a weight of 

said film. 

2. An article according to claim 1 , wherein a total amount of said Zr0 2 , said SI0 2 and said Ti0 2 crystals is at least 90 
wt%, based on the weight of said film. 

55 

3. An article according to claim 1 , wherein said film has a thickness of from 50 to 300 nm. 

4. An article according to claim 1 , wherein said ZrQ 2 is In an amount of 25-45 wt%, based on the weight of said film. 
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5. An article according to claim 1 , wherein said S10 2 is In an amount of 25-45 wt%, based on the weight oT said film. 

6. An article according to claim 1 , wherein said Ti0 2 crystals have an average grain size of not greater than 30 nm. 
5 7. An article according to claim 6, wherein said average grain size is not greater than 20 nm. 

8. An article according to claim 1 , wherein said substrate is a curved glass plate. 

9. An article according to claim 1 , wherein said article Is an automotive window pane having said phot ocata lytic film 
w on an outer side thereof. 

10. An article according to claim 1 , wherein said film further comprises at least one member selected from the group 
consisting of amorphous Ti0 2 . colloidal silica, AI2O3, B2O3, Sn0 2 . Cr ion, V ion, and carbon. 

is 11 . An article according to claim 1 , wherein said article Is produced by a process comprising: 

providing a coating liquid comprising a first raw material of said ZrOg, a second raw material of said SiOg, and 
a third raw material of said Ti0 2 crystals; 

applying said coating liquid to a surface of said substrate, thereby forming thereon a precursory film ; and 
20 subjecting said precursory film to a heat treatment at a temperature of 30Q-700°C, thereby turning said precur- 

sory film into said photocata lytic film. 

12. An article according to claim 1 1, wherein said third raw material is Ti0 2 crystal grains having an average grain size 
of not greater than 20 nm. 

25 

13. An article according to claim 1 1 , wherein said first raw material is zirconium chloride or zirconium nitrate. 

14. An article according to claim 1 , wherein said article is produced by a process comprising: 

30 providing a coating liquid comprising a first raw material of said ZrO^ a second raw material of said SiOg, and 

a third raw material of said Ti0 2 crystals; 

applying said coating liquid to a surface of said substrate, thereby forming thereon a precursory film ; and 
subjecting said precursory film to a first baking at a temperature of 560-700°C, thereby turning said precursory 
film into said photocatalytic film. 

35 

15. An article according to claim 14, wherein said substrate is a glass plate, and wherein said glass plate is bent into a 
curved glass plate when said precursory film and said glass plate are subjected to said first baking. 

16. An article according to claim 14, wherein said substrate is a glass plate, and wherein said glass plate Is bent Into a 
40 curved glass plate after said first baking. 

17. An article according to claim 14, wherein, prior to said first baking, said precursory film is subjected to a second 
baking at a temperature of 300-620°C. 

45 ia. An article according to daim 14, wherein said third raw material Is T10 2 crystal grains having an average grain size 
of not greater than 30 nm. 

18. An article according to claim 14, wherein said first raw material is zirconium chloride or zirconium nitrate. 
so 20. A process for producing an article, said article comprising: 

a substrate; and 

a photocatalytic film covering said substrate, said film comprising (1) a film-forming component comprising 
Zr0 2 and Si0 2 and (2) Ti0 2 crystals dispersed in said film-forming component, said Zr0 2 , said Si0 2 and said 
55 Ti0 2 crystals respectively being in amounts of 25-60 wt%, 15-50 wt% and 25-45 wt%, based on a weight of 

said film, 

said process comprising: 

providing a coating liquid comprising a first raw material of said ZrC^, a second raw material of said SiC^, and 
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a third raw material of said Ti0 2 crystals; 

applying said coating liquid to a surface of said substrate, thereby forming thereon a precursory film; and 
subjecting said precursory film to a heat treatment at a temperature of 300-700°C, thereby turning said precur- 
sory film into said photocatalytic film. 

21 . A process according to claim 20, wherein said third raw material is Ti0 2 crystal grains having an average grain size 
ol not greater than 20 nm. 

22. A process according to claim 20, wherein said first raw material is zirconium chloride or zirconium nitrate. 

23. A process for producing an article, said article comprising: 

a substrate; and 

a photocatalytic film covering said substrate, said film comprising (1) a film-forming component comprising 
Zr0 2 and Sl0 2 and (2) T10 2 crystals dispersed In said film-forming component, said Zr0 2 , said Si0 2 and said 
Ti0 2 crystals respectively being in amounts of 25-60 wt%, 15-50 wt% and 25-45 wt%, based on a weight of 
said film, 

said process comprising: 

providing a coating liquid comprising a first raw material of said Zr0 2 , a second raw material of said Si0 2 , and 
a third raw material of said Ti0 2 crystals; 

applying said coating liquid to a surface of said substrate, thereby forming thereon a precursory film ; and 
subjecting said precursory film to a first baking at a temperature of 560-700° C, thereby turning said precursory 
fikn into said photocatalytic film. 

24. A process according to claim 23, wherein said substrate is a glass plate, and wherein said glass plate is bent into 
a curved glass plate when said precursory film and said glass plate are subjected to said first baking. 

25. A process according to claim 23, wherein said substrate is a glass plate, and wherein said c^ass plate is bent into 
a curved glass plate after said first baking. 

26. A process according to claim 23, wherein, prior to said first baking, said precursory film is subjected to a second 
baking at a temperature of 300-620°C. 

27. A process according to claim 23, wherein said third raw material is TiC^ crystal grains having an average grain size 
of not greater than 30 nm. 

28. A process according to claim 23, wherein said first raw material is zirconium chloride or zirconium nitrate. 
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